The natural history of calf deep-vein thrombosis (DVT) is still uncertain and it is debated whether it warrants to be diagnosed and treated. We aimed to investigate the complication rate of untreated isolated calf DVT (ICDVT). Symptomatic outpatients were prospectively managed with serial compression ultrasonography (SCUS). Those without proximal DVT and with likely pre-test clinical probability (PCP) or altered D-dimer received immediate subsequent complete examination of calf deep veins (CCUS) by a different operator. The result of CCUS was kept blind both to the managing doctor and the patient and disclosed after three months. Primary outcome was the rate of venous thromboembolism at three months. We examined 431 subjects (196 males; median age 68.0 years) in whom five outcomes were recorded (1.2%; 95% confidence intervals [CI]: 0.4-2.7). If CCUS results had been available, out- comes would have been recorded in 3/424 patients (0.7%; CI: 0.2-2.1) with two events in subjects negative at both serial and complete CUS. ICDVT was diagnosed in 65 subjects (15.3%; 95% CI: 12-19); of whom 59 remained uneventful (one was lost to follow-up). A significant higher rate of outcomes was recorded in subjects with than without ICDVT (5/64; 7.8%; 95% CI: 3-17 vs. 3/351; 0.8%; 95% CI: 0-2; p=0.003). However, after excluding two events picked at serial CUS in subjects with ICDVT, the difference became barely significant (3/64; 4.7%; 95% CI: 1-13; p=0.049). Thrombotic evolution of untreated ICDVT in high-risk subjects may be relevant. Larger studies are needed to address this issue.
Introduction
It is estimated that only one of four outpatients suspected of having deep-vein thrombosis (DVT) actually has the disease. This ratio could be even lower due to the steady increase in the number of patients being referred for the greater awareness of DVT and its complications. Diagnostic procedures, allowing objective diagnosis/exclusion, should therefore be clinically safe, non-invasive and time-and cost-effective in consideration of the relatively large number of patients to be investigated.
Management studies have shown that it is safe to withhold anticoagulation in outpatients with suspected DVT if compression ultrasonography (CUS) (1) limited to proximal deep veins yields normal results on presentation and when repeated within 7 days (2, 3) . The addition of pre-test clinical probability (PCP) assessment (4), D-dimer assay (5-7) or both (8) (9) (10) (11) (12) (13) can improve the cost-effectiveness of the diagnostic procedure by excluding patients with low clinical probability and normal D-dimer from repeated testing. This diagnostic procedure (serial CUS) is based on the premise that thrombi which remain confined to the calf do not need to be diagnosed and treated, unlike thrombi that extend to proximal veins.
There is no general agreement, however, on whether non extending calf DVTs need to be diagnosed and treated. DVT limited to the calf is not free of embolic risk and can trigger post-thrombotic syndrome with rates that have ranged from 20% to 80% in prospective studies (14) . They recommend, therefore, a single, complete ultrasound examination of all deep veins (complete CUS) in all symptomatic patients. Complete CUS --implying that all diagnosed calf DVTs are treated with anticoagulants --is largely followed in clinical practice and has also been advocated as the standard of care for assessment of lower extremity DVT (15) . Recently, two randomised studies have shown that serial and complete CUS are similarly safe in the management of patients with suspected leg DVT (16, 17) . Complete CUS is technically more demanding and needs extra time to be performed when compared with serial CUS. In some patients complete CUS may be impossible to be perfomed (e.g. plaster cast of the lower limbs) and also the exploration of deep calf veins may be inadequate in a number of patients (1-2%) as also reported in some studies (17) .
The amount of effort and resources that should be put into calf DVT diagnosis needs to be settled and will depend on assessing the potential clinical damage caused by not diagnosing and not treating isolated calf DVTs (ICDVTs).
The aim of the present study was to assess the clinical consequences of untreated ICDVTs. Suspected DVT was managed according to serial CUS strategy and complete CUS, involving the calf veins, was also performed but its results remained blind both to the patient and the treating doctor.
Material and methods

Design of the study and patients
The study was performed between September 2006 and February 2009 in two clinical centres: a) Angiology and Blood Coagulation Unit, active in a tertiary care teaching hospital (University Hospital S. Orsola-Malpighi), Bologna, Italy and b) Servizio di Fisiopatologia Vascolare, Casa di Cura Villa Serena, Città Sant'Angelo, Pescara, Italy.
Symptomatic outpatients referring to the vascular emergency room of the two centres for suspected acute DVT in a leg were potentially eligible for the study providing it was the first event in the involved leg, a proximal DVT was excluded and the clinical probability was likely or D-dimer assay abnormal. Patients were referred by general practitioners and they were not eligible if: < 18 years old, pregnant or in puerperium, with symptoms attributable to pulmonary embolism (PE) or with acute superficial vein thrombosis of the symptomatic leg.
All patients were managed using serial CUS; thus, they received: a) assessment of pre-test clinical probability (PCP) according to Wells (13) ; b) CUS examination limited to proximal deep veins; c) D-dimer testing in cases of unlikely PCP. On the basis of this diagnostic work-up the following categories of subjects were identified: a) subjects with proximal DVT; they were treated with anticoagulants and excluded from the study; b) subjects with negative proximal CUS, unlikely PCP and normal D-dimer test; they were discharged and excluded from the study; c) subjects with negative proximal CUS, likely or unlikely PCP but associated with abnormal D-dimer test; these subjects were eligible and were invited to participate in the study.
The design of the study was explained to eligible subjects. They would receive the standard diagnostic procedure, consisting in a second proximal CUS after 5-7 days (or earlier if symptoms or signs worsened); in the meantime they would wear an elastic, below-knee, class 2 compression stocking (to improve symptoms by reducing both edema and/or pain) and take non-steroidal antiinflammatory drugs (NSAIDS) if pain was present. As a rule, no anticoagulant drugs were to be prescribed. If they agreed to take part in the study, they would immediately receive a complete colour Doppler ultrasonography of the whole symptomatic leg (including deep calf veins) by a different experienced examiner. The results of this examination would not be communicated to the patient or to the first examining doctor, and would be recorded in a form kept in a sealed envelope. The envelope would be opened three months later, when all participating patients received a physical examination or a structured interview by phone call from a doctor or a nurse using a standardised questionnaire to assess their general health status, chest or leg complaints, and history of hospital admission for any cause. The envelope would also be opened after detection of proximal DVT at the CUS repeated after 5-7 days, or if the patient presented again for symptomatic complications within three months. During this interval time they were invited to refer urgently to the outpatient service whenever symptoms or signs of thromboembolic complications arose.
In both participating centres, proximal US examinations were performed and interpreted by experienced vascular medicine physicians (6 in the Bologna centre, and 2 in the Pescara centre). All examiners had had supervised training for at least six months and had routinely worked in the in/outpatient vascular ultrasound examination services in both centres for at least two years.
It was not possible to enroll all consecutive eligible patients but rather patients were included based on the availability of expert medical staff that could perform complete CUS (3 in the Bologna centre and 1 in the Pescara centre) on the day of their presentation. These physicians had supervised training to perform complete CUS for a minimum of six months. At least the first eligible patient of the day was included, to minimise selection bias.
The study was approved by the Ethics Committee of the two participating centres.
Ultrasound examination of deep leg veins and D-dimer assay
Each patient underwent a first ultrasound examination of proximal deep veins, followed immediately by a subsequent complete ultrasound examination of the symptomatic leg, including deep calf veins, by a different operator, using a standardised examination protocol.
High-resolution 5-to 7.5-MHz linear transducers were used. The proximal deep veins were examined with the patient in the supine position by moving the probe from the common femoral vein in the groin to the trifurcation of the popliteal vein and applying gentle compression along the deep venous system. The deep calf veins were examined down to ankle level with a similar ultrasound procedure, with the patient in the sitting position with the legs hanging down. The calf veins examined were the posterior tibial, the peroneal, the gastrocnemius muscular and soleal. The criterion to diagnose proximal DVT was non-compressibility of the vein in the transverse plane, with Doppler tests of iliac veins in case of suspected isolated iliac thrombosis. The criterion for calf DVT was incompressibility of the vein combined with the absence of venous flow after distal compression.
For D-dimer testing the Sta-Liatest ® D-dimer reagent by Stago (Asnieres, France) (n.v. < 500 ng/ml) was used in the Bologna centre, and the Automated Latex Enhanced Immunoassay (HemoSil ® ) (Instrumentation Laboratory, Lexington, MA, USA) (n.v. < 500 ng/ml) in the Pescara centre.
Statistical analysis
Primary outcome endpoints were the rate of symptomatic thromboembolic complications (proximal or ICDVT and PE) recorded over a three month follow-up in the whole group of subjects investigated according to the serial CUS. The incidence of symptomatic venous thromboembolic events during three month follow-up, after a normal workup with a serial CUS, was expected to be around 1.0%. A sample size of 400 patients was calculated, estimating 3% as the upper 95% confidence interval (CI) for thromboembolic complications at the three month follow-up.
Secondary outcomes were the rate of thromboembolic complications over a three-month follow-up in those patients in whom ICDVTs would have been diagnosed if the results of the complete CUS had been immediately available in comparison with those patients in whom a ICDVT was excluded.
Continuous variables are presented as median and range. Baseline differences between groups were assessed by the Fischer's or chi-square (Yates' correction) tests, as appropriate, for categorical variables and Mann-Withney U test for continuous variables; p-values <0.05 were considered to be statistically significant.
The data were analysed using the Prism statistical software package (Version 3.0, GraphPad Software Incorporated, San Diego, CA, USA) and the SPSS statistical package (Version 11.0, SPSS Inc., Chicago, IL, USA).
Results
Serial CUS
ǠFigure 1A shows the entire population of patients investigated for suspected DVT. ǠFigure 1B shows a diagram of the study population managed according to serial CUS. A total of 431 subjects were included in the study after 18 subjects refused to participate. ǠTable 1 shows the characteristics of the enrolled subjects. In all of them the presence of proximal DVT had been excluded at Negative CUS, likely PCP or altered D-dimer invited to participate in the study. $ = including the 7 subjects who did not present at 2 nd CUS but had a complete followup. § = in this subject (negative at complete CUS) calf DVT was tested and diagnosed at 2 nd CUS due to worsening of symptoms. & = this subject had worsening symptoms and calf DVT (present at complete CUS) was confirmed during follow-up. * = secondary outcome. ** = 3/64; 4.7% (95% CI:1-13) after exclusion of the 2 subjects in whom DVT was picked at the 2 nd CUS.
A presentation by means of proximal CUS examination, and all had likely pre-test clinical probability or altered D-dimer assay. They received an appointment to return after 5-7 days (or before if symptoms worsened) for repeated proximal CUS examination. After the first negative proximal CUS and before the second control, all subjects were invited to wear below-knee elastic stockings and take NSAIDS for pain, while only seven subjects received LMWH prophylactic doses. At the 5-7 day control, proximal DVT was diagnosed in two subjects (0.5%;95% confidence intervals-CI: 0-2), in one subject calf DVT was diagnosed for worsening symptoms while superficial vein thrombosis was diagnosed in two subjects. These five subjects were appropriately treated with anticoagulants. Seven subjects did not return after the 5-7 days for repeated CUS. When investigated at end of follow-up, six of these did not report clinical problems. Nine subjects (out of 431) were lost to follow-up (2.1%). During the entire follow-up eight primary clinical endpoints were recorded in the whole study population. Three of them were detected at 2 nd proximal CUS examination and treated with anticoagulants. Five outcomes not detected by serial CUS were recorded at three months (1 PE, 2 proximal and 2 ICDVT; 1.2%; 95% CI: 0.4-2.7).
Results if patients had been managed by complete CUS
On the day of their first presentation all subjects received a complete CUS examination of calf deep veins of the symptomatic leg. In seven subjects the ultrasound examination of calf veins was considered technically inadequate and inconclusive by the examining doctor; these cases were excluded from further evaluation (1.6%; 95% CI:1-3%). No proximal DVT was detected. The mean du- ration of complete CUS examination was 8 minutes. Thrombosis in at least one deep calf vein was detected in 65/424 subjects (15.3%), and more than one deep vein was involved in 22 (33.8%) of them. In two subjects (3.1%) a calf DVT extended to proximal veins and it was then detected at 2 nd examination of serial CUS. ǠTable 2 shows the characteristics of the subjects with or without calf DVT. Subjects with calf DVT had a significantly more frequent "likely" clinical probability (p= 0.014) while no difference was observed in the rates of altered D-dimer and of risk factors for DVT when compared with subjects without calf DVT. The results of complete CUS were kept blind to both patients and treating doctors; the patients with diagnosed calf DVT did not receive, therefore, different treatment from the others.
In subjects in whom ICDVT was diagnosed at complete CUS, five complications were recorded. One subject was admitted with PE to a different hospital two days after his visit; three proximal DVTs occurred in subjects with diagnosed calf DVT at complete CUS (2 were picked at repeated CUS), and one calf DVT, present at complete CUS, was diagnosed for worsening symptoms after the initial serial CUS. One of the nine subjects lost-to follow-up had calf DVT at complete CUS. The remaining patients had an uneventful follow-up.
Three thromboembolic events, however, occurred in subjects with negative results at complete CUS (1 proximal and 2 calf DVTs, one of which was negative at complete CUS and was detected for worsening symptoms at the 2 nd CUS; 3/424; (0.7%; CI: 0.2-2.1) (Fig. 1B) . The two cases with superficial vein thrombosis were both detected at 2 nd examination of serial CUS (with negative complete CUS results and without calf DVT). At the end of three month follow-up the evolution of signs/symptoms in the affected leg did not differ in subjects with or without diagnosed calf DVT (see Table 2 ). Two subjects died of cancer and one started anticoagulation with vitamin K antagonists for atrial fibrillation.
If complete CUS results had been available, 65 subjects would have received anticoagulant treatment after initial diagnosis of calf DVT, and hence five outcome events would have been prevented.
When the actual outcomes were stratified according to the presence or absence of calf DVT diagnosed with complete CUS, there was a significant difference at three months in patients with untreated calf DVT (5/64: 7.8%, 95% CI:3-17) in comparison with patients without calf DVT (0.8%; 95% CI: 0-2) (p= 0.003). However, the difference became barely significant after the two calf DVTs, picked by repeated proximal CUS due to their proximal extension, were excluded from the group with ICDVT (3/64; 4.7% ; 95% CI:1-13; p=0.049).
Discussion
The natural history of isolated calf DVT is still uncertain, as a result, the need to test for calf DVT is a matter of debate and different choices are adopted in clinical practice (18) .
The need to test for and treat calf DVT should be related to the clinical risk associated with these thromboses. However, even if very few data are available on the natural history of calf DVT and the clinical risks, the need for treating it with anticoagulants when diagnosed is almost unanimously agreed upon and recommended by guidelines, including the recent ones of the American College of Chest Physicians (18) . However, only one study, published by Lagerstedt et al. in 1985 (19) supports this practice. In that study, 28/51 patients with calf DVT diagnosed by venography were left without anticoagulation and eight of them had complications: one had a PE while the others had recurrences diagnosed by physical examination and serial isotopic tests (a diagnostic test that was later abandoned for this scope because of its insufficient perform- ance); no complications occurred in the 23 anticoagulated subjects. The need to diagnose and treat ICDVT seems to be contradicted by the results of more recent management studies of suspected DVT of the lower limbs in symptomatic outpatients employing serial CUS of proximal veins, in which ICDVTs are diagnosed only if extending proximally, but otherwise are left untreated. Serial CUS was shown to have a three-month rate of thromboembolic complications similar to that observed in management studies employing complete CUS, which can detect all DVTs (0.6% ;95% CI: 0.4-0.9% and 0.4%; 95% CI: 0.1-0.6%, respectively) in an analysis of pooled data of available management studies (21) . More recently, the ERASMUS study was the first to randomise symptomatic outpatients with suspected DVT of the lower limbs to receive either serial CUS with D-dimer or complete CUS, regardless of PCP, and it also showed a similar failure rate of the two procedures (16) . The similar safety of serial and complete CUS in both management and randomised studies suggests that the majority of ICDVTs have a benign evolution over a threemonth follow-up and therefore may not warrant diagnosis and treatment. It should be noted, however, that patients diagnosed with calf DVT received anticoagulant treatment in all the management studies analysed by Righini et al. (20) , as well as in the ERAS-MUS randomised trial (16) . This also implies that not all ICDVTs are diagnosed by complete CUS. If all ICDVTs were diagnosed and treated by complete CUS, the failure rate at three months should be expected to be significantly lower than that of serial CUS in managemnt studies. Serial and complete CUS differ in their advantages and disadvantages (21) . Serial CUS is technically simpler than complete CUS, as it does not require sophisticated instrumentation or a high level of vascular examination expertise. However, repeated testing involves a greater use of health system resources and more discomfort for patients, some of whom are not willing to come back for the second examination (especially if symptoms are easing). Complete CUS detects all DVTs in a single session and is generally well accepted by patients, who can receive results immediately (positive or negative). However, this procedure requires more sophisticated instrumentation, more skilled investigators and in some cases the investigation of calf deep veins can be technically inadequate. Complete CUS also requires more time to be performed. This can be the case in subjects with likely clinical probability and apparently negative CUS in whom the operators try to be as accurate as possible before excluding thrombosis, even in small veins. As a result, this could lead over-diagnosis of calf DVT (22) . The most important clinical consequence of the complete CUS is that it leads to diagnosis of DVT in a significant percentage of investigated subjects who should then all be treated with anticoagulants, even though only very few will be at risk of clinically relevant complications. As a result, the use of complete CUS could limited only to those patients with a higher risk of DVT. More recently, Gibson et al. (17) randomised only symptomatic outpatients with likely PCP or unlikely PCP with altered D-dimer to receive either serial or single complete CUS. During follow-up, venous thromboembolism occurred in four patients (2.0%; 95% CI 0.6-5.1) in the serial CUS arm, and in two patients (1.2%;95% CI 0.2-4.3) in the complete CUS arm, indicating similar safety of the two procedures in high-risk patients.
Our study design differed from that of previously published studies because our aim was to establish the natural history of calf DVT. Patients were enrolled only if they had "likely" clinical probability or altered D-dimer levels and they all underwent CUS to exclude proximal DVT. As a result, included patients were at higher risk of having ICDVT. These subjects were managed according to serial CUS but they also received a complete CUS, the results of which were kept blind and disclosed only after three months. The clinical results obtained at three months with serial CUS were compared with those that would have been obtained with complete CUS. All subjects diagnosed with calf DVTs would have received at least three months of anticoagulation and that all thrombotic events in these subjects would have been prevented.
As expected, at the end of three months, the serial CUS failure rate was similar to that which would have been recorded if the results complete CUS had been available. The rate of calf DVT (15.3%) was consistent with that recorded in other studies where the frequency of diagnosed isolated distal DVT ranged from 4.7% to 18% (16, (23) (24) (25) (26) . At follow-up, thrombotic complications occurred in five out of the 64 subjects with diagnosed calf DVT (one case was lost to follow-up), two of them extending proximally and being detected at second CUS examination of the serial CUS procedure and one calf DVT diagnosed for worsening symptoms during the first week. This rate was significantly higher than that of subject in whom ICDVT was excluded by complete CUS. However when the two proximally extending ICDVT detected at the 2 nd CUS were excluded from the group with ICDVT, the difference in outcomes between subjects with and without ICDVT became barely significant.
Although receiving no specific treatment except below-knee elastic stockings and NSAIDS in case of pain, 59 subjects out of 64 were free from thrombotic complications and signs/symptoms were markedly improved or completely absent in most of them. In contrast, the complete CUS procedure would not have prevented three outcomes that occurred in subjects with negative complete CUS. Conversely, 59 subejcts out of the 64 diagnosed with calf DVT that completed follow-up would have received, unnecessarily, anticoagulation for three months. These results indicate that most untreated calf DVTs have a benign clinical course and only some of them may have clinically relevant thrombotic outcome. Unfortunately, we do not have yet standardised criteria to single out those patients who are at higher risk of such outcomes and so all of them will be treated with anticoagulants for a period (usually three months) -a treatment associated with bleeding risks and discomfort for patients. In our study subjects with calf DVT had likely PCP more frequently than those without calf DVT, while the proportion of subjects with altered D-dimer was similar in subjects with or without calf DVT. Furthermore, selection criteria of those who need a second examination are not well established in clinical practice. In the present study 30.8% and 36.7% of subjects with diagnosed calf DVT had unlikely clinical probability or normal D-dimer levels, respectively. In our study an extension of calf DVTs into proximal veins as picked by repeated CUS occurred in very few cases, with a rate (3.1%) much lower than that expected of 15-20% (27) (28) (29) .
The results of our study should be interpreted with caution. First, the study was performed in only two clinical centres, and this is a limit to its generalisability. Second the number of examined subjects was relatively small due to two factors: the need to exclude from a rather cumbersome investigation those subjects with very
